The sequence of the DNA between two pseudogenes in the human a-like globin gene cluster has been determined. Comparison of this sequence with sequences from other a-like globin gene clusters revealed another pseudogene, t|ia2, between the previously recognized pseudogenes £ 1 and ljial. Therefore, the human a-like globin gene family is organized 5'-?2-? l-i|>a2-t|ial-a2-al-3'. The new pseudogene i|ia2 is very close to ?1, beginning only 65 base pairs 3' to the polyadenylation site of (1.
INTRODUCTION
The families of genes that encode the globin polypeptides of hemoglobin are intensively studied because of their well-defined patterns of regulation during development and differentiation and because they are a rich source of information about genome evolution. The a-like and g-like globin gene families of humans are particularly well-characterized (reviewed in ref. 1 and 2). The a-like globin gene family of humans consists of an embryonic 5-globin gene, 52, and a pair of almost identical a-globin genes (a2 and al) that are expressed in the fetal liver and the adult bone marrow (3, 4) . These active genes are separated by pseudogenes in the gene cluster; (1 is very similar to £2 but has a premature termination codon (5) , and ifial is defective in several aspects, including slice junction mutations and premature termination codons (6) . The previously recognized genes are arranged 5'-c2-5l-$al-a2-al-3'. The sequences of the intergenic regions in this gene cluster are being determined in order to provide insights into the evolution of both single-copy and repeated sequences and to provide clues about potential regulatory sequences (7) (8) (9) (10) . In this report we present the sequence of a DNA segment that links the sequence of tl (5) with the sequence of the 5' flank of <|ial (10) and show that another pseudogene, ifia2, is present between £l and ijial.
MATERIALS AND METHODS

Materials
The 1.65 and 1.22 kilobase pair SstI fragments that span the region from cl to the 5' flank of <|ial (3) were subcloned as the plasmids pSV2-1.65 and pSV2-1.22. These plasmid DNAs were subcloned into M13 vectors to generate templates for the sequence determination.
DNA Sequencing
The sequence of the DNA was determined by the dideoxynucleotide chain termination method of Sanger et al. (11) using single-stranded DNA templates from M13 recombinant clones (12) generated from the plasmids pSV2-1.65 and pSV2-1.22.
Sequence Analysis
The DNA sequence was compared with other sequences from mammalian a-like globin gene clusters using the dot-plot program MATRIX (13) . Regions that showed matches were aligned by the program NUCALN (14) or by inspection. The 
RESULTS
The sequence of a 768 base pair (bp) segment between £ 1 and i|>al was determined by the strategy outlined in Fig. 1 . Both strands were sequenced for almost all of this segment, and the cloning sites for constructing the M13 clones used as templates in the sequencing were overlapped. This sequence connects the previously determined sequence of C1 (previously called iK, ref. Table I , the coding regions show a greater number of both replacement site substitutions and silent site substitutions in comparisons with the 5 2-globin gene than with the a2-globin gene. The ami no acid sequence derived from the ijia2 sequence is about equally divergent from either the a-globin or the £-globin amino acid sequence in exon 2 and exon 3, but the t|>a2 sequence is more related to aglobin in exon 1 (Table 1) . Therefore this sequence in the region between £ 1 of at is on the lower line (a2). Spaces have been introduced optimize the alignment. The sequences in ij>a2 that correspond to the polypeptide coding portions of a2 have been underlined, the GT and AG dinucleotides at the splice junctions have been overlined (i|ia2) or underlined (a2), and the initiation and termination codons have been boxed. The short repeats flanking the inserts in exon 1 and intron 1 are in boxed arrows. The ijia2 sequence is numbered continuously from the first nucleotide past the polyadenylation site of eland i|ial appears to be that of a highly divergent gene related to the a-globin genes, and we refer to it as pseudogene I)KJ2.
Pseudogene i|ia2 has suffered many deleterious mutations. No obvious 5'
end of the gene can be assigned because the first part of exon 1 is so highly divergent. However, based on the matches with the ct2 gene that start at contains an open reading frame for its entire length.
The previously described a-globin pseudogene, ijial, is much more closely related to gene a2 than is t>a2. As shown in Table 1 , $al shows 0.22 Table I The substitutions per site for replacement and silent sites were calculated by the method of Perler et al. (15); this includes a correction for multiple substitutions at a single site. These calculations involving i)ia2 did not include the four deletions and one Insertion in the coding region; thus these values are underestimates of the amount of divergence of ijia2. The percentage mismatch in the ami no acid sequences was calculated by inspection of aligned sequences of the coding regions. These latter values have not been corrected for multiple substitutions at single sites, and each codon in a gap region was counted as a separate mismatch.
substitutions per replacement site when compared with a/, whereas i|ia2 shows over twice as much divergence (0.52 substitutions per replacement site).
Pseudogene i|>al has suffered fewer insertions and deletions than has <l>a2, and exon 1 of i|>ai matches quite well with a2 (6), in sharp contrast to the extensive divergence In exonl of i|ia2. The promoter and 5' untranslated region of i|ial is still easily recognizable, and the <|>al promoter retains some , activity both in vitro and in transfected cells (24) . Comparisons between i|ial and i|ia2 show even less similarity than that seen in comparisons with the functional a-globln genes (data not shown). These data imply that i|ia2 has been diverging separately from ifial (i.e. there is no indication of gene conversion between them) and that t|>a2 is an older pseudogene than i|ial. 
